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GAS TURBINE MOTOR DRIVE 

BACKGROUND OF THE INVENTION 

This is a continuation-in-part of U.S. application Ser. 
No. 07/682,595 ?led apr. 8, 1991, of K. Rumford et al, 
entitled "Management Of Electrically Driven Engine 
Accessories“. 

FIELD OF THE INVENTION 

The present invention relates generally to methods of 
starting a gas turbine engine to assure that the moving 
components receive a continuous and uninterrupted 
supply of lubricating oil during a cold start. 

In the next ‘generation of high performance aircraft, 
engines will be lighter, more efficient, and faster re 
sponding and will require more reliable, fault-tolerant 
controls and accessories. Since the traditional hydrome 
chanical approaches utilize mature technologies, elec 
trical technologies look promising and are being investi 
gated to meet these increased requirements. Advances 
in power electronics and electrical machine technolo 
gies are making electric accessory applications possible. 
Key enabling technologies supporting these applica 
tions include the development of electronic devices 
such as the power MOSFET (metal oxide semiconduc 
tor ?eld effect transistor), the IGBT (insulated gate 
bipolar transistor), the ceramic capacitor, and the MCT 
(MOS controlled thyristor). 

DESCRIPTION OF THE PRIOR ART 

In the traditional hydromechanical system, controls 
and accessory components are driven from a gearbox 
that is mechanically coupled to the gas generator shaft. 
In the new approach, the gearbox is replaced by electric 
motors which drive the accessories independently. This 
approach has the potential of greatly simplifying or 
even eliminating the engine accessory gearbox and pro 
viding greater ?exibility in locating the accessories on 
the engine. 
Key components for the successful application of 

electric controls and accessories include a starter/gen 
erator capable of operating at engine compressor 
speeds, an electric motor driven engine fuel pumping 
system, and an electric motor driven lubricating oil 
pumping system. Small lightweight power electronics 
are essential for this new approach to be a viable alter 
native to the existing technology. In designing aircraft 
turbine engines with electric controls and accessories, 
consideration must be given to which functions can be 
accomplished with electric drives. Typical functions of 
small engine accessories that are amenable to electric 
drive applications are engine starting, fuel pumping, 
lubricating oil pumping, as already noted, and inlet 
particle separation, and electric power generation. 
For a complete understanding of the invention, it is 

noteworthy that the term “starter/generator” is used 
throughout the disclosure to mean a device which oper 
ates as a starter at low speeds, that is, below idle, and 
operates to generate electricity at higher speeds, that is, 
above idle. The term “idle speed", when referring to 
gas turbine engines, is taken to mean the minimum oper 
ational speed, that is, approximately 50% of the maxi 
mum speed of which the engine is capable. 

All electric accessories customarily receive control 
signals from the main engine computer. During normal 
operation, the engine starter is required for less than a 
minute for each start attempt and is not used after com 
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pletion of engine starting. It is generally sized to pro 
duce adequate torque to start the engine. Electric 
power generation is usually initiated after the starter has 
been turned off. This situation lends itself to a natural 
integration of the starting and generating function into 
one electrical machine-the starter/generator. This 
combination implies that the starter/generator be con 
nected to the engine compressor shaft either through a 
gearbox or directly coupled. When directly coupled, a 
starter generator may be required to have a rotational 
speed capability in excess of 50,000 rpm, a common 
speed for small engines. _ 
Modern small motors used for driving the accessories 

just mentioned are preferably brushless machines which 
conventionally require their own electronic power sup 
ply or motor controller for starting and, thereafter, for 
regulating its speed as long as the gas turbine engine 
continues to operate. The development of brushless 
controllable speed motors has made rapid strides in the 
last decade. Brushless motor concepts emerged in the 
1930’s with the advent of vacuum tube power control 
systems and the need for speed and position control of 
motors. Patents from that period indicate much activity 
from that time on. However, apparently the state of the 
technology did not support the inventions to the point 
of commercial use of any signi?cance. 

It took the availability of modern semiconductors and 
new magnet materials, together with the requirements 
of the automation industry to spur the development of 
the modern brushless servo or controllable speed and 
position motors. With the rapid expansion of electronic 
and magnetic technology in the last three decades, great 
changes have indeed taken place in the area of speed 
and position motor control. The development did not 
always follow the most efficient path; instead, in each 
time period, it would concentrate in areas of greatest 
need, available components, cost of components and the 
level of understanding the control technology. 

Thus, the electronic development in the 1960’s was 
influenced mainly by the development of transistor 
circuits and the analog operational amplifier and associ 
ated components. The subsequent development of low 
cost logic components, memory arrays and eventually 
the microprocessor steered development in more recent 
years towards control systems which became capable of 
retaining and processing information, and thus able to 
handle increasingly more complex calculations. 

In the area of power control, the early development 
of the thyristor (SCR), and around the same time, 
power transistors provided new methods for control 
ling electric power in an efficient manner, on both the 
high and low end of the power and frequency spectrum. 
These devices enabled designers to make amplifiers and 
inverters for servo control purposes, with the greatest 
impact on high-power applications using thyristors 
(notably the current source inverter). In the lower 
power end (below 5 kW), the transistor became an 
efficient power conversion device especially when the 
pulse width modulation and pulse frequency modula 
tion techniques became practical. 

Concurrently, with the development of electronic 
power conversion device, the development of brushless 
controllable motors proceeded along several different 
lines. The availability, in time, of several different per 
manent magnet materials (such as ALNICO varieties, 
ferrites, and more recently rare earth magnet materials) 
offers opportunities for design of a variety of servo type 
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motors for applications ranging from digital tape trans 
port systems to machine tool axis drives and, indeed, 
now to drives for accessories for gas turbine engines. A 
particular benefit of the rare earth magnetic materials 
resides in the high ?ux levels thereby provided per unit 
weight. This, in turn, results in a signi?cant reduction of 
the rotor moment of inertia which can be achieved in 
comparison with other competitive equivalent motors. 

It was earlier mentioned that a.c. motors are pre 
ferred for operating the accessories of a gas turbine 
engine. While the speed of a conventional d.c. motor 
can be readily regulated, a most desirable feature, inher 
ent in d.c. motor design are the mechanical commutator 
and the brushes, which wear out and require continuous 
maintenance. Such problems are eliminated, however, 
in the a.c. motor which has brushless construction and, 
therefore, is highly reliable and requires very low main 
tenance. Additionally, the a.c. motor can operate at 
higher speeds than its d.c. counterpart and hence has 
high power to volume and weight ratio. Furthermore, 
due to its inherently simple structure, it can be built 
ruggedly and economically. In short, a.c. motors are 
preferred for their simplicity, lightness, and maintain 
ability. 

A.c. motor operation is based on the concept of the 
rotating magnetic ?eld. This rotating magnetic ?eld is 
generated by the stator windings carrying polyphase 
currents. The speed of rotation of the magnetic ?eld is 
directly proportional to the frequency of the polyphase 
currents, referred to as synchronous speed. For exam 
ple, for a 60 Hz, two pole motor, the synchronous speed 
is 3,600 rpm. The most efficient way to change is to 
vary the input frequency. This function is performed by 
means of an electronic motor controller of the modern 
type, also as noted earlier. 
As stated earlier, the next generation of gas turbine 

engines will employ a starter/ generator that ?rst starts 
the engine, then serves to power electrically driven 
accessories such as the oil pump. fuel pump. cooler fans, 
and the like. Since the small motors used for driving the 
accessories are conventionally brushless machines, they 
require electronic power supplies, usually one for each 
motor, for starting and, thereafter, for speed control. 
Indeed, the fuel pump motor customarily utilizes a dual 
power supply for fail-safe operation. It was with recog 
nition of the excessive weight, complexity, and expense 
of providing and operating such a system having a plu 
rality of motors, each with its own power supply or 
motor controller, that the invention disclosed in US. 
application Ser. No. 07/682,595 was conceived and is 
now reduced to practice. 
According to that invention, a plurality of accessories 

operatively associated with a gas turbine engine are 
driven by electric motors. A ?rst motor controller initi 
ates operation of a starter/ generator mechanically cou 
pled to the engine. After the engine has been started, the 
motor controller is used to accelerate other accessory 
motors at a predetermined rate after which they are 
each electrically coupled to the starter/generator for 
continued operation. After completing these operations, 
the ?rst motor controller serves as a back up for a sec 
ond motor controller which is dedicated to the opera 
tion of a fuel pump motor. 

Other modes of operation can be achieved as well by 
reason of the ?exibility provided by motor driven ac 
cessories. For example, it may be desirable not to couple 
an accessory motor to the starter/generator during the 
operation of the gas turbine engine. In the instance of a 
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4 
cooling fan when operating in a cold climate, or when 
traveling from a warm climate to a cold climate, or visa 
versa, it may be desirable to continue to operate the 
accessory motor by its motor controller according to a 
predetermined schedule and not at a speed determined 
by the engine. Such a situation can also be accommo 
dated by the present invention. 
By reason of the mode of operation thereby contem 

plated, complex gear trains and associated hydraulic 
lines are substantially reduced, or even eliminated, re 
sulting in reduced cost, weight, maintenance, and vul 
nerability while substantially increasing reliability of 
the system Other bene?ts include increased ?exibility of 
accessory location on, or in relation to, the gas turbine 
engine as well as improved diagnostics which allow for 
operation of the accessories for checkout without hav 
ing to actually operate the engine. Furthermore, the 
invention eliminates the multiplicity of motor control 
lers that are necessary in more modern designs in which 
every accessory is driven by its own individual motor 
controller. 

Other, effective modes of starting a gas turbine en 
gine and its associated accessories utilizing many of the 
concepts already presented, are the primary thrust of 
the instant disclosure. To this end, a gas turbine engine 
which includes a starter/generator mechanically cou 
pled thereto and an electric oil pump motor for driving 
an oil pump is started in a manner which assures a con 
tinuous and uninterrupted supply of lubricating oil to 
the moving components of the engine. According to 
one method, ?rst and second motor controllers initiate 
operation of the oil pump motor. Thereupon, the sec 
ond motor controller is re-directed to initiate operation 
of the starter/generator and the gas turbine engine it 
self, after which, the second motor controller again 
joins the ?rst motor controller to accelerate the oil 
pump motor up to idle speed. The oil pump motor may 
then be electrically coupled to the starter/ generator for 
continued operation. In another mode of operation, the 
alternating electric power supply for the vehicle pow 
ered by the gas turbine engine may be used in place of 
the second motor controller. 

Conventionally on such an engine, the starter and the 
oil pump motor are turned on at the commencement of 
a start. Once started, the starter becomes a generator 
and drives the oil pump motor. The dif?culty with such 
a system is that in the cold conditions, the oil pump 
requires very high torque to ?rst turn over. Modern 
accessory motors used in such applications are small, 
high speed machines driven by special electronic power 
supplies or motor controllers which are limited in their 
torque capability. Hence, to start a cold oil pump re 
quires a very large motor controller or two smaller 
ones. 

According to one method of the present invention, a 
system is provided that uses two of these motor control 
lers to turn over the oil pump, then switches one of the 
motor controllers to start the engine. Once the engine 
has started, both of these motor controllers are available 
again to accelerate the oil pump motor if it has not 
already, by that time, reached the required speed. 
According to another method of the present inven 

tion, the power supply of the vehicle driven by the gas 
turbine engine is used in place of one of the motor con 
trollers. In this situation, the single motor controller is 
used to initiate operation of the oil pump motor, bring 
ing it up to a speed substantially synchronous with the 
vehicle power supply. Thereupon, the oil pump motor 
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is electrically coupled with the vehicle power supply 
and the motor controller used to initiate operation of 
the starter/ generator for starting the engine When the 
engine has attained a speed at which continued input 
from the motor controller is no longer required for its 
continued operation, the starter/ generator is uncoupled 
fromthe motor controller and the latter is re-coupled 
with the oil pump motor which continues to accelerate 
to idle speed. 

Using either of the methods of the present invention 
assures that a continuous and uninterrupted supply of 
lubricating oil is provided to the moving components of 
the gas turbine engine. They are performed in a manner 
which efficiently uses a minimum of components while 
still assuring a safe start. 

Other and further features, advantages, and bene?ts 
of the invention will become apparent in the following 
description taken in conjunction with the following 
drawings. It is to be understood that the foregoing gen 
eral description and the following detailed description 
are exemplary and explanatory but are not to be restric 
tive of the invention. The accompanying drawings 
which are incorporated in and constitute a part of this 
invention, illustrate one of the embodiments of the in 
vention, and, together with the description, serve to 
explain the principles of the invention in general terms. 
Like numerals refer to like parts throughout the disclo 
sure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a control 
system, in accordance with the invention, for operating 
a plurality of accessories associated with a gas turbine 
engine: 
FIG. 2 is a diagrammatic representation of a hydro 

mechanical system known to the prior art for operating 
accessories and intended to be replaced by the inven 
tion; 
FIG. 3 is a schematic representation of an electric 

control system known to the prior art for operating 
accessories and intended to be replaced by the inven 
tion; 
FIG. 4 is a diagrammatic representation of a plurality 

of engine accessories operated by the control system of 
the invention; 

FIG. 5 is a schematic representation of a control 
system, in accordance with the invention, providing for 
one mode of starting the engine; and 
FIG. 6 is a schematic representation of a control 

system, in accordance with the invention, providing for 
another mode of starting the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Turn now to the drawings and, initially, to FIG. 1 
which diagrammatically illustrates a control system 20 
embodying the invention. The control system serves to 
start and maintain operation of a plurality of accessories 
for a gas turbine engine utilized as the prime mover for 
a vehicle. The control system 20 is powered from the 
electric power system 21 of the vehicle and is under the 
general authority of a main computer 22. A common 
electronic unit is provided in the form of a motor con 
troller 24 for initiating operation of a starter/ generator 
26 and, thereafter, for starting a plurality of electric 
motors 28, 30, 32, and 34 for driving associated accesso 
ries. In typical fashion, the motor 28 may be mechani 
cally coupled to an oil pump, the motor 30 may be 
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6 
coupled to an inlet particle separator blower, and the 
motor 32 may be mechanically coupled to a cooler fan. 
The motor 34 is representative of one or more motors 
which are mechanically coupled to one or more other 
accessories for the gas turbine engine, as appropriate. 
Once started, most of the motors just mentioned are 
thereafter electrically coupled to the starter/ generator 
26 for the duration of their operation. Also provided 
within the control system 20 is a second motor control 
ler 36 which is dedicated for starting and controlling 
continuously a fuel pump motor 38. 
The control system 20, which will be described in 

greater detail below, is a replacement for hydromechan 
ical systems having the nature of a system 40 as illus 
trated in FIG. 2. A gas turbine engine 42 is diagrammat 
ically depicted as having a compressor 44, power tur 
bine 46, and combustor region 48, and air?ow there 
through is represented by an arrow 50. According to 
this earlier construction, a complex gear train or trans 
mission 52 was customarily utilized to connect a power 
shaft 54 of the gas turbine engine to a plurality of acces 
sories associated with the engine. These accessories 
typically include a starter/ generator 56, a fuel pump 58, 
an oil pump 60, a cooling fan 62, and an inlet particle 
separator 64. Of course, these accessories are by way of 
example only and, in an actual system, may be much 
larger in number. 
More recently, with the advent of smaller and more 

powerful electric motors and their associated motor 
controllers, it has become customary to drive accesso 
ries such as those depicted in FIG. 2 electrically rather 
than mechanically. Thus, as seen in FIG. 3, upon actua 
tion of associated switches 65, a starter/generator 26A 
is operated by its associated motor controller 66; a 
motor 28A for driving a lubrication oil pump is. oper 
ated by a motor controller 68; a motor 30A for driving 
an inlet particle separator is operated by a motor con 
troller 70; and a motor 32A for driving a cooling fan for 
cooling oil of the gas turbine engine is operated by a 
motor controller 72. A motor 38A for driving the fuel 
pump typically operates at its own special speed and, in - 
addition to having a ?rst dedicated motor controller 
36A, has a second dedicated motor controller 36B 
which operates as a backup in the event the ?rst motor 
controller becomes inoperable. 
The present invention depicted in FIGS. 1 and 4 

represents an improvement, also, over the system illus 
trated in FIG. 3. 
Turn now to FIGS. 1 and 4 for a description of the 

operation of the control system 20 and its associated 
accessories for the gas turbine engine 42. As diagram 
matically illustrated in FIG. 4, the starter/ generator 26 
is'mechanically coupled for rotation with the power 
shaft 54. The coupling between the starter/generator 
and the power shaft may be direct or it may be through 
a suitable speed reducer. In any event, the rotation of 
the starter/generator is directly proportional to the 
rotational speed of the power shaft 54. 

In order to start the engine 42, viewing especially 
FIG. 1, a switch 74 in the line between the motor con 
troller 24 and the starter/generator 26 is closed. The 
switch 74 remains closed until the engine reaches a 
speed at which continued input from the starter/genera 
tor 25 is no longer required for continued operation of 
the gas turbine engine. It will be appreciated that under 
normal operating conditions, the bearing surfaces for 
the engine 42 are considered to have adequate residual 
lubrication to assure their harm free operation for the 



‘5,184,456 
7 

?rst few moments of the start. A switch 75 may be 
necessary to isolate the voltage driving the starter/gen 
erator 26 from the input to the motor controllers 24, 36 
and to the system electronic control 22. With opening 
of the switch 74, however, a switch 76 is closed thereby 
energizing the motor 28 for operating an associated oil 
pump 60A to which it is mechanically coupled. 
By means of the motor controller 24, the motor 28 is 

brought up to speed at a predetermined, desirable rate. 
This rate of acceleration is chosen so as not to cause 
cavitation within the pump, while assuring optimum 
?ow of lubricant to the bearings and other moving 
components of the engine. The acceleration rate is also 
chosen to assure that the drive mechanism for the pump 
will not be overtorqued and to prevent excessive elec 
trical current to flow and excessive voltage drops in the 
electrical lines. When the oil pump motor shall have 
obtained a speed which is substantially synchronous 
with that of the starter/generator 26, the switch 76 is 
opened to electrically uncouple the motor 28 from the 
motor controller 24 and a switch 78 is closed to electri 
cally couple the oil pump motor with the starter/gener 
ator for synchronous operation therewith. 
When the engine 42 is operating in a cold climate, or 

during cold weather in a temperate climate, it may 
desirable, prior to initiating operation of the starter/ 
generator 26, to close switch 76 for a brief period of 
time to initiate operation of the oil pump motor 28 
under the direction of the motor controller 24. In this 
instance, the switch 76 would only remain closed for a 
period of time sufficient to adequately wet the main 
bearings of the gas turbine engine so as to substantially 
avoid damage and wear thereto. When this has been 
accomplished, the procedure described above would 
then be followed. 

After the closing of switch 78 to electrically couple 
the oil pump motor 28 to the starter/generator 26, a 
switch 80 may be closed to electrically couple the 
motor controller 24 with the motor 30 for operation of 
the inlet particle separator 64A. The function of the 
inlet particle separator is to remove dirt and other parti 
cles of debris from engine intake air. This is achieved by 
passing the inlet air at high speeds through a path de 
signed with a special curvature that separate high speed 
solid particles from the engine inlet air. Once again, 
when the speed of the motor 30 is substantially synchro 
nous with the starter/generator 26, the switch 80 is 
opened and a switch 82 closed to electrically uncouple 
the motor from the motor controller 24 and to electri 
cally couple it to the starter/ generator. 

Again, a similar procedure may be performed for the 
motor 32 driving a cooling fan 62A by sequentially 
operating switches 84 and 86. In the instance of a cool 
ing fan, it may be preferred not to operate it at a speed 
proportional to that of the engine 42. In such an in 
stance, it may be desirable for the switch 84 to remain 
closed and the switch 86 to remain open so that the 
motor 32 and its associated cooling fan 62A remain 
under the guidance of the motor controller 24 so as to 
operate at a predetermined variable rate. It will be ap 
preciated that operation of the cooling fan would be 
dependent upon the climate and also the altitude at 
which the engine 42 is operated. Indeed, in a cold cli 
mate or on a cold day, it may not be operated at all. 
The motor 34 is representative of one or more motors 

for operating a variety of other accessories for the en 
gine 42. Typical of one of a plurality of other such 
accessories is a variable geometry actuation system used 
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8 
to position variable stator vanes in the engine compres 
sor to assure optimum engine performance. In any 
event, operation of the motor 34 in accordance with the 
invention would be achieved by operation of switches 
88 and 90 in the general manner previously described. 

It was noted above that the fuel pump motor 38 is 
provided with its own dedicated motor controller 36. 
Operation of the motor 38 is generally initiated upon 
closure of a switch 92. Because of the variable require 
ments for fuel throughout the operation of the engine 
42, the fuel pump motor 38 remains at all times under 
the guidance of the motor controller 36. 
However, in the event the motor controller 36 experi 

ences a major malfunction, switch 92 can be opened and 
a switch 94 closed to thereby couple the motor control 
ler 24 to the motor 38. In this manner, the motor con 
troller 24 serves as a backup for the motor controller 36 
in the event of an emergency. In this event, the motor 
controller 24 would be unavailable to start any other 
accessory motors which are not already in operation. 
While the other motors with which the motor control 
ler 24 is normally associated are important, none of 
them command the highest level of importance enjoyed 
by the fuel pump motor. 
With particular reference now to FIGS. 5 and 6, two 

additional modes of starting the gas turbine engine uti 
lizing an all electric system having the general nature 
just disclosed will now be described. When operating in 
cold weather or in cold climates, it is common knowl 
edge that the lubricating oil for the gas turbine engine is 
highly viscous and for the first few seconds of a start, 
the oil pump requires a high level of torque. It follows, 
then, that the oil pump motor would therefore require, 
initially, a large motor controller or, possibly, a pair of 
smaller ones. .However, after the ?rst few seconds of 
operation, as the lubricating oil warms and therefore 
becomes less viscous, the torque requirement diminishes 
and, therefore, so does the power requirement. Thereaf 
ter, for continued operation, the oil pump motor would 
only require relatively small motor controller for its 
continued operation. 

Consider now the mode of starting which utilizes a 
system as depicted in FIG. 5. In this instance, a pair of 
motor controllers 96 and 98 are utilized in a system 
which is schematically seen to include an oil pump 
motor 100 and a starter/ generator 102. When it comes 
time to start the engine, a switch 104 is closed thereby 
electrically coupling both of the motor controllers to 
the motor 100. By so doing, the oil pump motor is accel 
erated at a controlled rate until such time that the 
torque required to operate the oil pump decreases to the 
extent that it can be driven by the motor controller 96 
alone. Thereupon, the switch 104 is opened to uncouple 
the motor controller 98 from the motor 100 and the 
latter continues to operate with the motor controller 96 
alone. 
With the opening of switch 104, a second switch 106 

is closed to thereby electrically couple the motor con 
troller 98 to the starter/ generator 102 to initiate opera 
tion of the starter/ generator for, in turn, starting the gas 
turbine engine. Under the control of the motor control 
ler 98, the starter/generator and the gas turbine engine 
are accelerated to at least a speed at which continued 
input from the motor controller 98 is no longer required 
for continued operation of the gas turbine engine. Typi 
cally, this may be a speed of approximately 40 percent 
of the maximum speed of the gas turbine engine. Once 
this speed has been obtained, the switch 106 is opened 
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and the motor controller 98 may revert to an inactive 
state. However, it may be desirable, upon opening of 
the switch 106, to again close the switch 104 to re-cou 
ple the motor controller 98 and the oil pump motor 100 
to supplement the motor controller 96 in accelerating 
the oil pump motor to idle speed. When idle speed has 
been obtained, it may then be desirable to open the 
switch 104 thereby uncoupling the motor controller 98 
from the oil pump 100. However, it is contemplated that 
throughout the operation of the system depicted in 
FIG. 5, the motor controller 96 will remain coupled 
with the oil pump motor for control thereof throughout 
the operation of the gas turbine engine. It will be appre 
ciated that both motor controllers 96 and 98 are individ 
ually smaller than a single motor controller which here 
tofore would have used to start the oil pump motor. 
Another mode of operation is depicted in FIG. 6 

wherein the motor controller 96 is electrically coupled 
with the oil pump motor 100 upon closure of a switch 
108 and accelerating the oil pump motor to a speed 
substantially synchronous with the output of the vehicle 
power supply 21. In a typical installation, the vehicle 
power supply 21 operates at 400 Hz. When the oil pump 
motor 100 will have reached substantially synchronous 
speed with that of the vehicle power supply 21, the 
switch 108 is opened thereby uncoupling the motor 
controller 96 from the oil pump motor. Substantially 
simultaneously therewith, a switch 112 is closed thereby 
electrically coupling the oil pump motor to the vehicle 
power supply for continued operation at a speed sub 
stantially synchronous with that of the power supply 
21. Thereupon, the motor controller 96 is electrically 
coupled with the starter/generator 102 by closing a 
switch 114 to begin the operation of starting the gas 
turbine engine. Under the in?uence of the motor con 
troller 96, the starter/ generator and the gas turbine 
engine are accelerated until at least a speed has been 
attained at which continuous output from the motor 
controller is no longer required for continued operation 
of the gas turbine engine. This occurs when the gas 
turbine engine has attained a speed which is approxi 
mately 40 percent of the maximum speed of which the 
engine is capable. At this point, the switch 114 is 
opened. At this time, the switch 112 may also be opened 
to uncouple the oil pump motor from the vehicle power 
supply and, substantially simultaneously, the switch 108 
is again closed to again couple the motor controller 
with the oil pump motor. After this has occurred, the oil 
pump motor is then accelerated under the in?uence of 
the motor controller 96 until it attains idle speed. There 
after, it may be preferable that the motor controller 96 
and the oil pump motor remain coupled for the remain 
der of the operation of the gas turbine engine, Alterna 
tively, it may be preferable to couple the oil pump 
motor to the starter/ generator as described previously. 
While preferred embodiments of the invention have 

been disclosed in detail, it should be understood by 
those skilled in the art that various other modi?cations 
may be made to the illustrated embodiments without 
departing from the scope of the invention as described 
in the speci?cation and de?ned in the appended claims. 
We claim: ~ 

1. A method of starting a gas turbine engine powering 
a vehicle which has an alternating electric power sup 
ply, the gas turbine engine including a starter/ generator 
mechanically coupled thereto and an electric oil pump 
motor for driving an oil pump for providing a continu 
ous and uninterrupted supply of lubricating oil to the 

a 

5 

b. O 

25 

60 

65 

10 
moving components of the engine, the method compris 
ing the steps of: 

(a) electrically coupling a motor controller to the oil 
pump motor to initiate operation thereof; 

(b) accelerating the oil pump motor to a speed sub 
stantially synchronous with the output of the vehi 
cle power supply; 

(c) electrically uncoupling the motor controller from 
the oil pump motor after the oil pump motor has 
reached a speed substantially synchronous with the 
vehicle power supply; 

(d) substantially simultaneously with step (c), electri 
cally coupling the oil pump motor to the vehicle 
power supply for continued operation thereof at a 
speed substantially synchronous with the vehicle 
power supply; 

(e) electrically coupling the motor controller to the 
starter/generator to initiate operation of the star 
ter/ generator for starting the gas turbine engine; 

(f) accelerating the starter/ generator and the gas 
turbine engine until at least a speed has been at 
tained at which continued input from the motor 
controller is no longer required for continued oper 
ation of the gas turbine engine; and 

(g) after the starter/generator and the gas turbine 
engine reach the speed at which continued input 
from the motor controller is no longer required for 
continued operation of the gas turbine engine, elec 
trically uncoupling the motor controller from the 
starter/ generator; 

(h) electrically uncoupling the oil pump motor from 
the vehicle power supply; 

(i) substantially simultaneously with steps (g) and (h), 
again coupling the motor controller with the oil 
pump motor; and 

(j) accelerating the oil pump motor at a controller 
rate until it attains idle speed. 

2. A method of starting a gas turbine engine as set 
forth in claim 1 wherein: 

the vehicle power supply operates at a frequency of 
approximately 400 Hz. 

3. A method of starting a gas turbine engine as set 
forth in claim 1 wherein: 

idle speed is approximately 50% of the maximum 
speed of the gas turbine engine. 

4. A method of starting a gas turbine engine as set 
forth in claim 1 wherein: 

the speed attained at which continued input from the 
motor controller is no longer required for contin 
ued operation of the gas turbine engine is approxi 
mately 40% of the maximum speed of the gas tur 
bine engine. 

5. A method of starting a gas turbine engine which 
includes a starter/ generator mechanically coupled 
thereto and an electric oil pump motor for driving an oil 
pump for providing a continuous and uninterrupted 
supply of lubricating oil to the moving components of 
the engine, the method comprising the steps of: 

(a) electrically coupling ?rst and second motor con 
trollers to the oil pump motor to initiate operation 
thereof; 

(b) accelerating the oil pump motor at a controller 
rate until the torque required to operate the oil 
pump decreases to the extent that it can be driven 
by the ?rst motor controller alone; 

(c) electrically uncoupling the second motor control 
ler from the oil pump motor; 
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(d) continuing to operate the oil pump motor with the 
?rst motor controller alone; 

(e) electrically coupling the second motor controller 
to the starter/ generator to initiate operation of the 
starter/generator for starting the gas turbine en 
gine; 

(f) accelerating the starter/generator and the gas 
turbine engine until at least a speed has been at 
tained at which continued input from the second 
motor controller is no longer required for contin 
ued operation of the gas turbine engine; and 

(g) after the starter/generator and the gas turbine 
engine reach the speed at which continued input 
from the second motor controller is no longer re 
quired for continued operation of the gas turbine 
engine, electrically uncoupling the second motor 
controller from the starter/ generator. 

6. A method of starting a gas turbine engine as set 
forth in claim 5 including the steps of: 
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(h) again electrically coupling the second motor con 

troller with the oil pump motor: and 
(i) accelerating the oil pump motor at a controlled 

rate until it attains idle speed. 
7. A method of starting a gas turbine engine as set 

forth in claim 6 including the step of: 
(j) electrically coupling the oil pump motor with the 

starter/generator when the oil pump motor has 
attained idle speed. 

8. A method of starting a gas turbine engine as set 
forth in claim 5 wherein: 

the speed attained at which continued input from the 
second motor controller is no longer required for 

continued operation of the gas turbine engine is ap 
proximately 40% 0f the maximum speed of the gas 
turbine engine. 

9. A method of starting a gas turbine engine as set 
forth in claim 6 wherein: 

idle speed is approximately 50% of the maximum 
speed of the gas turbine engine. 

* * * t ‘I 


